Purpose This study aimed to determine the health-related quality of life (HRQoL) in mothers of 5-year-old very low birth weight (VLBW) and normal birth weight (NBW) children, with a focus on the role of stress. Methods This cohort study is ancillary to the Newborn Lung Project. A telephone interview collected information on symptoms of stress and HRQoL from 297 mothers of VLBW children and 290 mothers of NBW children who were enrolled in the Newborn Lung Project Statewide Cohort Study. Staged multiple regression analyses were used to evaluate the relationship between caregiver status and maternal HRQoL and the role stress played in this relationship. Additional multiple regression analyses were also used to evaluate the correlates of poor maternal HRQoL among VLBW mothers. Results Mothers of VLBW children experienced worse physical and mental HRQoL than mothers of NBW children. Adjusted analyses showed that physical HRQoL was significantly different between these mothers (b: -1.87, P = 0.001); this relationship was attenuated by maternal stress. Among the mothers of VLBW children, stress significantly contributed to adverse HRQoL outcomes when children were aged five. Child behavior problems at the age of two were also associated with worse subsequent maternal mental HRQoL (b: -0.18, P = 0.004), while each week of neonatal intensive care unit stay was associated with worse physical HRQoL (b: -0.26, P = 0.02). Conclusions Caring for a VLBW child is negatively associated with the HRQoL of mothers; this relationship might be, in part, explained by maternal stress. Addressing maternal stress may be an important way to improve longterm HRQoL.
Introduction
Caring for a very low birth weight (VLBW, \1,500 g) child can have a significant and lasting impact on maternal stress [1, 2] and psychological distress [1, 3, 4] and can have a negative effect on the overall well-being of the entire family [5] . Maternal psychological sequelae may begin immediately after birth and persist throughout early childhood [1, [3] [4] [5] .
The mechanisms by which caring for a VLBW child influences subsequent maternal stress and quality of life are important but unknown. Few studies have examined health-related quality of life (HRQoL) as an outcome in this population; existing studies yield inconsistent results regarding HRQoL among the mothers of preterm and VLBW infants. Eiser et al. [6] found that mothers of preterm infants at 2 years reported worse HRQoL than mothers of full-term infants, while another study found that HRQoL did not differ between caregivers of VLBW 1-year-old infants and their counterparts [7] . These studies may be limited by the (1) focus on short-term HRQoL outcomes in parents; (2) use of convenience samples; and (3) lack of emphasis on a life-course perspective, thereby not controlling for important confounders. In addition, it has not been investigated what role stress may play in HRQoL of mothers of VLBW children.
To date, no studies have examined the health trajectories of mothers and children to determine the long-term HRQoL of mothers of VLBW children. In order to address this gap in the literature, our study utilized a regional population-based cohort of children born VLBW or normal birth weight (NBW) to (1) compare the HRQoL of mothers of five-year-olds born VLBW and 5-year-old children born NBW; (2) determine to what extent maternal stress might account for the relationship between parenting a child born VLBW and maternal HRQoL; and (3) examine the prepregnancy, pregnancy, birth, and child health-related factors which predict subsequent maternal HRQoL among mothers of 5-year-old VLBW children. Using a between and within-group approach, our study examined the relative impact on maternal health and sought to understand risk and resilience among mothers of children born VLBW.
The underpinning conceptual framework for this study is derived from a life-course developmental perspective [8] , social-ecological systems theory [9] , Sameroff's transactional model [10] , role theory [11] and stress theory [12] , which suggest that children's health problems may contribute to chronic stress for the parent, which may lead to poor parental HRQoL and well-being. In addition, our research incorporates a biopsychosocial approach by including the biomedical, behavioral and environmental dimensions of health [13] that may explain the mechanisms by which stress affects parental health outcomes. Understanding the mechanisms by which caring for school-aged children born VLBW affects subsequent maternal wellbeing could help pediatricians and family practitioners monitor and treat at-risk parents, and lead to improved interventions for both parents and children. 
Methods

This
Measures
Outcome measure
The 12-Item Short Form Health Survey (SF-12) version 2, a widely used measure of quality of life, was used to assess the overall HRQoL of the mothers [15] . The SF-12 has eight subscales (physical functioning, role limitationphysical, bodily pain, general health, vitality, social functioning, role limitation-emotional, and mental health) which are condensed into two summary scores that measure physical HRQoL and mental HRQoL. Scores range from 0 to 100, with higher scores indicating better HRQoL and population mean = 50, standard deviation (SD) = 10. The test-retest reliability for the summary scores is 0.89 (physical HRQoL) and 0.76 (mental HRQoL) [15] .
Independent variables
Using a life course perspective to determine long-term HRQoL, we examined the health trajectories of mothers and their children using the following characteristics. Maternal health status prior to and during pregnancy was evaluated by creating indicator variables to identify the presence of any pre-pregnancy health problems (diabetes or hypertension) or any pregnancy-related health problems (abruptio placenta, gestational diabetes, pregnancy-induced hypertension, preeclampsia, eclampsia, oligohydramnios, placenta previa, polyhydramnios, bleeding during pregnancy, or other condition of pregnancy/labor). Child health at birth was evaluated as the number of weeks spent in the NICU, the 5-min Apgar score, whether the child was small for gestational age (weight below the 10th percentile for gestational age) and whether the child had experienced any grade of intraventricular hemorrhage. Child health at the age of two was evaluated as whether the child had taken asthma medication during the first 2 years of life, and the child's scores on three subscales of the Pediatric Evaluation of Disability Inventory (PEDI): self-care, mobility and social function. Internal consistency for the PEDI subscales is high, ranging from 0.95 to 0.99 [16] ; scores were normalized to have a mean of 50 (SD = 10). Child HRQoL was evaluated at 2 years of age using the Pediatric Quality of Life Inventory (PedsQL) [17] . The PedsQL has a total scale score composed of two subscales: physical and psychological health summary scores. The internal consistency/ reliability of these scores was 0.90 (total scale), 0.88 (physical HRQoL) and 0.86 (psychological HRQoL) [17] .
For both VLBW and NBW children, child behavior problems were measured during the 2005-2006 NBL follow-up survey (when the children were approximately 2 year old) using the Child Behavior Checklist (CBCL), a well-validated instrument used to evaluate mother-reported child behavior problems in the past 2 months [18] . Higher summary scores on the CBCL indicated more problems.
Mothers' stress symptoms in the last week were measured as part of the 2008-2009 ancillary study (when the child was 5 years of age) using the 56-item Calgary Symptoms of Stress Inventory (C-SOSI) [19] . Responses for the C-SOSI are recorded on a five-point Likert scale ranging from 0 (never) to 4 (very frequently) and summed across subscales with a maximum total possible score of 224. Internal consistency for the subscales ranges from 0.80 to 0.92, with an overall Cronbach's a = 0.95 for cancer patients [19] .
Additional covariates (measured during the 2005-2006 NBL follow-up survey) included the following: child sex, maternal age (adjusted to age during 2008-2009), race (white; non-white), maternal education (high school degree or less; some college; bachelor degree or equivalent; postgraduate), single-parent household status (among VLBW families only), and annual income (\$10,000; $10,000-$30,000; $30,000-$40,000; $40,000-$60,000; $60,000-$100,000; [$100,000 per year).
Analytic approach
All analyses were conducted using SAS version 9.2. A power calculation for this study was based on data from Eiser et al's [6] comparison of the mean HRQoL (using the SF-36) of mothers of preterm and full-term infants (mean = 76.70, SD = 12 and mean = 79.73, SD = 12, respectively). Based on these estimates, we calculated the estimated power for a two-sample comparison of means, assuming 290 participants in each group, which yielded a power of 0.953 to detect statistical differences.
Cross-tabulations and chi-square tests were used to compare VLBW and NBW children and their parents on key sociodemographic characteristics. T tests were performed to test for the mean differences on continuous variables, by child birth-weight status. Maternal health status, child health at birth and age two, and child HRQoL at the age of two were summarized using descriptive statistics. Effect size (Cohen's d) [20] was calculated for each regression coefficient by dividing the b by 10, which was the population SD of mental and physical HRQoL. In order to obtain a clinically relevant values, effect sizes for continuous variables (i.e., symptoms of stress, maternal age, child behavior problems, child psychological quality of life, length of NICU stay and 5-min Apgar score) were transformed to represent the effect size of one SD change in the independent variable.
Between-group analyses
Multiple linear regression analyses were conducted to evaluate the association between VLBW status and maternal HRQoL, controlling for relevant sociodemographics. Maternal age was included in the regression model a priori. Single covariates that were statistically significant (P \ 0.05) or impacted point estimates of maternal HRQoL for VLBW status were included in the final models (Model 1). Maternal symptoms of stress (Model 2) were then added to Model 1 to test whether this might partially explain the relationship between VLBW status and maternal HRQoL. Specifically, if a large reduction in the effect estimate for VLBW status was observed after including maternal stress, this could indicate that maternal stress partially explains the association. In order to further assess this attenuation, we used Sobel tests [21] to determine the statistical significance of the mediating effects of stress on the relationship between parenting a child born VLBW and maternal HRQoL.
Mothers of VLBW children-only analyses
Multiple linear regression analyses were also conducted to evaluate the association between maternal health status, child health status at birth and age two, and child HRQoL on maternal HRQoL, controlling for relevant sociodemographics. A parsimonious model was constructed as above, and maternal age was again included a priori (Model 1). Maternal symptoms of stress (Model 2) were then added to Model 1 to test whether maternal stress might partially explain the relationship between the independent variables and maternal HRQoL.
Results
Descriptive results
The final sample included 587 mothers, of whom 50.6% parented a VLBW child. VLBW children were slightly younger (2.4 months on average) and were more likely to have behavior problems than NBW children. There were no significant differences in child sex, by birth weight status ( Table 1) .
Mothers of VLBW children were younger (1 year on average, P \ 0.05) and more likely to be non-white (12.8% vs. 5.4%, P \ 0.01), less educated (43.1% vs. 61.0% with a bachelors degree or higher), and have a lower income (43.8% vs. 61.7% making more than $60,000/year) as compared with mothers of NBW children. Mothers of VLBW children had worse mental and physical HRQoL (48.9 vs. 50.5, P \ 0.05 and 52.9 vs. 55.3, P \ 0.0001, respectively) and more symptoms of stress (32.9 vs. 25.6, P \ 0.001). Among mothers of VLBW babies, 7.2% had pre-pregnancy health problems and 80.7% had health problems during pregnancy.
Maternal HRQoL results Figure 1 shows the unadjusted HRQoL among mothers of VLBW and NBW children. Mothers of VLBW children reported significantly worse HRQoL than mothers of NBW children on all domains.
Between-group analyses-mental HRQoL
To further evaluate the impact of birth weight on maternal HRQoL, regression analyses were performed separately for maternal mental and physical HRQoL (Table 2) . Maternal mental HRQoL was not significantly associated with child birth weight; however, reporting more symptoms of stress was associated with worse maternal mental HRQoL, independent of birth weight status (b: -0.21; P \ 0.0001; effect size (ES): 0.52). Between-group analyses-physical HRQoL
On average, mothers of VLBW children had significantly worse physical HRQoL (b: -1.87, P = 0.001) than their counterparts, accounting for covariates (Model 1). When the symptoms of stress were added to the model (Model 2), the coefficient for birth weight status was significantly attenuated (from -1.87 to -1.55; Sobel test Z score: -3.34; P = 0.0008). Maternal symptoms of stress were also independently associated with worse maternal physical HRQoL (b: -0.08; P \ 0.0001, ES: 0.20).
Mothers of VLBW children-only analyses-mental HRQoL
In order to evaluate the impact of caring for a VLBW child over time, we regressed parental mental HRQoL on child health status at birth (NICU factors), child health at the age of two, and child psychosocial factors at the age of two (Table 3 ). NICU factors and child health at the age of two were not associated with maternal mental HRQoL when children were aged five and were therefore not included in the final model. However, child behavior problems at the age of two were associated with significantly worse maternal mental HRQoL when children were aged five When stress was added into this model (Model 2), the effects of child behavior problems and pre-pregnancy health problems on maternal mental HRQoL were attenuated and no longer statistically significant. Its inclusion in the model also resulted in a statistically significant effect for child psychological HRQoL at the age of two (b: 0.10, P = 0.01). Symptoms of stress were independently associated with worse mental HRQoL (b: -0.20; P \ 0.0001, ES: 0.53).
Mothers of VLBW children-only analyses-physical HRQoL
Regression analyses also evaluated the relationship of child factors at birth and age two with maternal physical HRQoL (Table 4) . A longer stay in the NICU was associated with worse maternal physical HRQoL when children were aged five (Model 1; b: -0.26 per week, P = 0.02), controlling for covariates. Child health factors at the age of two did not influence this association, and these were therefore not included in the final regression model. Having health problems during pregnancy and being in a single parent household were also significantly associated with worse maternal physical HRQoL. Accounting for maternal symptoms of stress (Model 2) attenuated the effect of being in a single parent household on maternal physical HRQoL, but did not appreciably influence the effects of the length of NICU stay or having health problems during pregnancy. However, maternal stress did display a statistically significant independent association with worse maternal physical HRQoL (b: -0.09, P \ 0.0001, ES: 0.24).
Discussion
This population-based study of stress and HRQoL in mothers of children born VLBW contributes new and salient findings to the literature. Our results indicate differential effects of parenting a VLBW child on maternal HRQoL, supporting prior work [6, 22] . Specifically, our study found that when the children were aged five, maternal physical health was worse among VLBW mothers while mental HRQoL did not differ between mothers of VLBW and NBW children. This study also revealed that maternal stress might partially explain the relationship between having a VLBW child and maternal physical HRQoL. Additionally, our results suggest that while the severity of VLBW children's health problems at birth was associated with maternal physical HRQoL when children were aged five, maternal mental HRQoL is more strongly associated with child well-being and behavior problems.
Most existing studies of stress in parents of preterm or VLBW children have focused specifically on parenting stress [1, 2, 4, [23] [24] [25] and yield conflicting results. Our study shows that the parents of VLBW children have worse general stress (including psychological and somatic) than the parents of NBW children. Moreover, stress appears to be an important variable in understanding the relationship between caring for a child born VLBW and physical HRQoL, suggesting one potential pathway by which poor physical HRQoL may occur. Parenting stress and other stressors associated with caring for a VLBW child may contribute to chronic stress, which may in turn lead to poor physical HRQoL as we have reported previously [26] . However, it should be acknowledged that, in the present study, stress and HRQoL were not measured temporally. These findings cannot suggest causal associations between having a VLBW infant, higher maternal stress and lower HRQoL. Nevertheless, the results highlight the importance of better understanding the role of maternal stress on subsequent HRQoL especially for parents of a VLBW infant and suggest areas of future research. Previous research has established the relationship between child behavior problems and deleterious outcomes among parents of VLBW children [2, 6] ; this study confirms that child behavior problems at the age of two are significantly associated with worse maternal mental HRQoL when the child was aged five. It is possible that our measurement of child behavior characteristics at the age of two was indicative of continued behavior problems at the age of five [27, 28] . The stress of caring for a child with behavior problems may also accumulate and lead to worse maternal mental HRQoL over time. This study was limited in its ability to test this hypothesis, and future longitudinal research should be conducted to better understand these nuanced relationships.
Pre-pregnancy health problems (specifically, diabetes and hypertension) were also found to be associated with maternal mental HRQoL when the child was aged five. Given the chronic nature of these health problems, it is likely that women who experienced these problems prior to Interestingly, maternal physical HRQoL was associated with a very different set of maternal and child factors. The association with health problems during pregnancy is unsurprising, given that such factors can be a barometer for future health problems [29, 30] . However, the length of time the child spent in the NICU was independently associated with poor maternal physical HRQoL when the child was five, even after controlling for health problems during pregnancy. Although it is possible that this may be due to incomplete ascertainment of prior health problems, direct and indirect effects of the length of the NICU stay on maternal HRQoL are certainly plausible. The NICU environment itself can be incredibly stressful for parents [31, 32] , and the child's health problems that lead to a prolonged NICU stay [33] may negatively impact mothers. Thus, a prolonged separation from the newborn while in the NICU may expose new mothers to a tremendous life stressor when they are particularly vulnerable [34] [35] [36] , potentially, causing an intense short-term psychological response and corresponding long-term physiological responses for mothers. Importantly, the relationship between the length of the NICU stay and maternal physical HRQoL was not influenced by child health problems at the age of two. This strengthens our interpretation of the results by indicating that enduring child health problems alone do not account for this finding. Previous work indicates that chronic stress, even once resolved, can have long-term physiological influences on the body [37] . The intense conditions of the NICU environment, or the child's health problems for which length of NICU stay is a proxy, may incite a lasting physiologic response in mothers that is not influenced by children's health problems at later stages in the child's life.
The differences we see in the factors associated with physical and mental HRQoL suggest an interesting lifecourse trajectory connecting the birth of a VLBW child with parental outcomes. It is possible that the experience of having a VLBW child sets parents on a trajectory in which physical health is compromised over time, even when mental health returns to normal. The immediate stressor of having a child in the NICU may contribute to long-term physical health problems in mothers, without negatively impacting mental health long term. Other ongoing aspects associated with caring for a VLBW child, however, such as behavior problems, may be responsible for a lack of re-adjustment in mental health in some mothers over time, without immediately influencing physical health.
The evidence from this and other studies indicates that maternal HRQoL is influenced over time by factors of both the mother and the child. Therefore, parent-, child-and family-level interventions throughout the life-course may be advantageous in protecting families from the deleterious effects of caregiving. Future research should more closely examine the impact of stress immediately following the birth of a VLBW child on the long-term physical health of the family. Further, research exploring the impact of childlevel behavioral interventions on maternal mental health is needed.
Study limitations and strengths
Several limitations of this study should be considered. First, maternal stress and HRQoL were not measured temporally. This limits our ability to ascribe causality. Rather, our results suggest that elevated stress is associated with lower HRQoL, and this association appears to be particularly salient for parents of VLBW infants. Second, a larger proportion of NBW parents than VLBW parents participated in this ancillary follow-up survey. However, it is likely that those who did not participate in our follow-up survey were experiencing the greatest stress and worst HRQoL, which would have biased our between-group analyses toward an underestimation of the true effect of caring for a VLBW child. Third, child behavior problems and HRQoL are based on parent reports, which may be influenced by parents' own health and mental health status.
Finally, limitations in the data set restricted our ability to fully explore maternal health problems in our analysis of physical HRQoL. Our analysis of maternal pre-pregnancy health was limited to diabetes and hypertension; therefore, our results may be impacted by residual confounding of maternal health problems prior to and during pregnancy. In addition, we were unable to examine child health and wellbeing factors at the age of five. Future research should examine whether these factors play a role in concurrent maternal physical or mental well-being.
This study also has important strengths. Our study approaches the association between caring for a VLBW child and maternal health from a life-course perspective. By looking at the effects of child health and well-being over time, we were able to identify the long-term effects of child-level factors at specific points in the caregiving trajectory. In addition, our study is population based, whereas most previous studies are gathered from clinics, limiting their generalizability. Finally, this study uses a measure of parental biopsychosocial symptoms of stress [19] , which may better capture the physiologic impact of parenting a VLBW child.
Conclusion
This study extends previous research on stress and HRQoL among parents of children born VLBW using a longitudinal, population-based design. Caring for a VLBW child is significantly related to poor physical HRQoL among mothers; the effect of having a VLBW child on maternal HRQoL appears to be partially explained by maternal symptoms of stress. Moreover, while VLBW children's health problems at birth were associated with maternal physical HRQoL when children were aged five, child wellbeing and behavior problems were associated with maternal mental HRQoL. These results highlight the need for coordinated caregiving interventions throughout the child's life that focus on all members of the family. Understanding the factors associated with poor long-term maternal HRQoL will be crucial in developing interventions that will positively impact the well-being of the entire family.
